The Space Experiments with Particle Accelerators (SEPAC), which flew on the ATLAS 1 mission, used new techniques to study natural phenomena in the Earth's upper atmosphere, ionosphere and magnetosphere by introducing energetic perturbations into the system from a high power electron beam with known characteristics. Properties of auroras were studied by directing the electron beam into the upper atmosphere while making measurements of optical emissions. Studies were also performed of the critical ionization velocity phenomenon.
INTRODUCTION
The Space Experiments with Particle Accelerators (SEPAC) were conducted as part of the ATLAS 1 Speeelab mission from March 24 through April 2, 1992 . One of the objectives was to perform artificial aurora experiments from orbit using high-power electron beams and the optical imaging capability of the Atmospheric Emissions Photometric Imaging (AEPI) instrument/1/. The SEPAC electron beam accelerator (EBA) is capable of injecting electrons with beam energies up to 6.25 keY. At this energy the perveance-limited electron gun can emit beam currents of up to 1.21 A. The previous flight of SEPAC on Spacelab 1/2/showed that at these levels special means of neutralizing the Shuttle are necessary; therefore, for ATLAS 1 the SEPAC instrument complement included three 122-cm diameter conductive spheres for charge collection and a 1.6 A hollow-cathode Xe* plasma contactor. The flight data show that the effectiveness of these charge neutralization devices was sufficient for injection of electron beams up to the highest beam currents available with the SEPAC EBA. Another objective of SEPAC was to conduct neutral xenon releases from the plasma contactor (PC) to test the predictions of the critical ionization velocity theory.
EXPERIMENT DESCRIPTION SEPAC is a joint U.S. Japan investigation of the interaction of electron beams, plasma and neutral gas with the Earth's upper atmosphere, ionosphere and magnetosphere. It makes use of the large mass, volume and power capabilities of Shuttle/Spacelab as well as the interactive control that is possible through the involvement of payload and mission specialists. The first flight of SEPAC was with the Spacelab 1 mission (STS-9) in late November endearly December 1983. Recently an upgraded instrument complement was included as part of the ATLAS 1 payload on STS-45 in late March and early April 1992. The upgraded SEPAC instrumentation is described by Burch et al. /3/. Table 1 shows the SEPAC instrument complement as flown on the ATLAS 1 payload. The results of the previous experiments led to the expectation that the SEPAC EBA, at highest power, would produce an artificial aurora characterized by an emission with a diameter of about 100-150 m at altitudes of 100-120 km. However, because of the favorable viewing geometry from orbit, the artificial aurora emissions were imaged over the full extent of the curved magnetic field lines from near the Shuttle altitude of 295 km down to the 110-120 km altitude regime. Also present in the images were afterglows, which appeared as emission "tails" extending up to -1 km in the wake direction. Contrasts between SEPAC and the previous experiments include the facts that (1) the optical imaging measurements were made from the same spacecraft from which the electron beam was injected rather than from the ground or aircraft, (2) total charge neutralization was accomplished with the charge-collection spheres and the plasma contactor; and (3) the artificial auroras were produced in the auroral zone and in the neighborhood of natural auroras.
In each of the three artificial aurora experiments that were performed on ATLAS 1, twenty electron beams were injected downward from an altitude of 295 km with 0* pitch angle at relatively high southern magnetic latitudes (65-67*). During the first and third experiments, optical observations were made with the AEPI instrumentation. In the first experiment white-light images were acquired at a rate of 30 Hz, while in the third experiment these high-rate white-light images were supplemented by images at 4278 A, which were integrated over 1 second. The electron beam pulses were injected once every 15 seconds at the maximum energy and current (6.25 keV, 1.21 A) with pulse widths of 1 second. Future experiments are needed to take advantage of the much greater detectability of the artificial aurora emissions from orbit in pertbrming more extensive spectral analyses and in using the artificial electron beams to sense remotely electric fields in the auroral zone. The fact that the artificial auroras are easily detectable even when superimposed on bright natural auroras supports the possibility that upward-propagating electron beams, reflected by parallel electric fields above the aurora, would produce detectable artificial auroras, which could be used to map the strength and spatial distributions of the parallel E-fields. 
CRITICAL IONIZATION VELOCITY (CIV) EXPERIMENT (9)267
The Critical Ionization Velocity (CIV) theory, first postulated by Alfv6n/91, states that neutral gas travelling perpendicular to a magnetic field will suddenly become ionized when its velocity in the rest frame of the magnetic field reaches a threshold value such that the kinetic energy of the gas in that frame is equal to its ionization potential (vca t = ~]2¢ Oi~/rn ).
The CIV phenomenon has been suspected to play an important role in various plasma dynamics situations ranging from cometary comas and astrophysical problems to spacecraft environment interactions and ionization in magneto-plasma-dynamic (MPD) thrusters. While CIV has been observed in many laboratory experiments, a definitive and unambiguous observation of dais phenomenon in space has proved to be elusive. Torbert I101 gives a review of many of the attempts to observe CIV in the ionosphere. This section reports on a CIV experiment that was performed on the ATLAS 1 mission as part of the Space Experiments with Particle Accelerators (SEPAC) using the plasma eontaetor (Table 1) in the neutral gas mode.
The SEPAC CIV experiment consisted of a series of 100 ms neutral xenon releases, repeated once every five seconds for five minutes. The release velocity of the xenon from the PC at the 245 psi nominal plenum tank pressure is on the order of 30.5 m/s; therefore, the neutral xenon had essentially the orbital velocity of ~ 7 km/s when released from the PC regardless of the orientation of the release with respect to the velocity vector. In order to satisfy the ClV criterion, the velocity perpendicular to the magnetic field must exceed the critical value; therefore, the planned experiments were performed at high latitudes, where the angle between the orbital velocity and the field line is nearly 90*.
The CIV experiment was performed twice during ATLAS-I: once in the planned configuration (payload bay in the wake) and once with the payload bay toward the Earth. The latter configuration is not optimum for the CIV experiment because the gas is released perpendicular to the velocity vector, i.e., not into the ram or wake; however, we chose to take advantage of available experiment time with the Orbiter in this attitude. Figure 2 shows SEPAC diagnostic package (Table 1) The second plot is the Langmuir probe current (top) and voltage (botlpm). Before the beginning of the experiment, the probe voltage was swept in order to obtain the ambient electron temperature and density. Once the neutral gas releases began, the voltage was held constant at +9 V (the maximum applied voltage) in order to record density fluctuations. Unfortunately, voltage sweeps immediately before the Start of the releases show that the probe does not reach the electron saturation limit at this voltage.
RESULTS FROM SEPAC DIAGNOSTICS
During the releases the current does reach the maximum level that can be read by the probe, increasing by a factor of at least 60 as compared to the background level.
COMPARISON WITH CIV MODELS
In the paper by Marshall et al. /11/, a two-part code was used to model possible CIV effects for the experimental eonfignration of the first CIV experiment. The first part is a linear and quasilinear wave (and instability) model for wave generation, saturation, and particle heating during a CIV interaction given the ambient and release parameters. This model takes into aceotmt many realistic effects such as magnetization, full kinetic effects, collisions, spatial effects, and eleetrornagnefic polarization. The second part of the code is a set of necessary conditions or criteria that a CIV release in space must satisfy in order for a CIV interaction to be possible. Most of these criteria have been discussed by Murad and Lai 112/. Table 2 . Note: v,~ is the release velocity perpendicular to the magnetic field Ot), v,i is the critical ionization velocity; tot, and to,. are the electron plasma and cyclotron frequencies; L is the dimension of the released cloud; ¢ is the electron-impact ionization cross section; o: is the pitch ~gle; Psi is the Hall parameter for ions; .tim is the ionization time; VA is the Alfv~n velocity; and nb, rob, n,, and m, are the cloud and ambient densities and messes, respectively.
CONCLUSIONS

